Summary Four crosses were effected between the 3 available species of Pennisetum with xϭ7 as the basic chromosome number [P. glaucum (Cumbu/Pearl millet), P. purpureum (Napier grass) and P. schweinfurthii] viz., (1) P. glaucumϫP. schweinfurthii, (2) P. schweinfurthiiϫP. glaucum, (3) P. schweinfurthiiϫP. purpureum, (4) P. purpureumϫP. schweinfurthii. Of these crosses, the third cross, P. schweinfurthiiϫP. purpureum gave rise to 1 hybrid with 2nϭ28. In the light of the earlier reports from the cross P. glaucumϫP. schweinfurthii, it is suggested that in the present case, an unreduced gamete of P. schweinfurthii might have combined with a normal gamete of P. purpureum to give rise to the 2nϭ28 hybrid. It is also suggested that the genomic constitution of the hybrid may be AЈBBB and the 14 bivalents observed may be due to pairing of 7 chromosomes of the B genomic complement and the other 7 bivalents may be due to intergenomic residual homology. Key words Interspecific hybridization, P. schweinfurthii, P. purpureum.
millet), P. purpureum (Napier grass) and P. schweinfurthii] viz., (1) P. glaucumϫP. schweinfurthii, (2) P. schweinfurthiiϫP. glaucum, (3) P. schweinfurthiiϫP. purpureum, (4) P. purpureumϫP. schweinfurthii. For studying the cytomorphological characters of the P. glaucumϫP. purpureum cross, the already available Cumbu-Napier hybrid CO 3 was utilized.
For the study of meiosis, young panicles from the hybrid were fixed in Carnoy's fluid (absolute alcohol and glacial acetic acid in the proportion of 3 : 1) between 8:30 A.M and 9:00 A.M, when there was bright sunlight. The course of meiosis was studied in temporary smears of pollen mother cells using 1% aceto carmine stain. The growing root tips were also fixed using Carnoy's fluid and mitotic observations made using 1% acetocarmine.
Pollen sterility was estimated from pollen grains stained with potassium iodide stain. Completely stained pollen grains were recorded as fertile and those partially stained or fully unstained or shrunken were counted as sterile. The differences in the stomatal frequency of the hybrid and its parents was made after taking the impressions of stomata by smearing a thin layer of quick fix (gum) on the leaf surface.
Results
Out of the 4 different cross combinations carried out with the 3 species (P. schweinfurthii, P. glaucum, P. purpureum), the seeds from the cross between P. schweinfurthii and P. glaucum gave rise to 1 plant that was suspected to be a hybrid. It remained in the vegetative phase for about 6 months and died before flowering. This plant was very dwarf in nature and grew to about 40 cm in height. It had broad leaves as that of cumbu and bloom on the stem as that of P. schweinfurthii. It had 6 tillers. A successful hybrid was obtained from a cross between P. schweinfurthii and P. purpureum.
The morphological and cytological behaviour of the hybrid between P. schweinfurthii and P. purpureum Morphology: The hybrid was bushy and short statured as compared to both parents. Its leaves were glabrous with length of 45.0 cm comparable to that of P. schweinfurthii. The tiller number in the hybrid was of intermediary range (23) to that of both the parents. The leaf length and leaf width also were intermediate the values being 45.0 cm and 2.2 cm respectively. The details are given in the Table 1 .
It had flattened stem with whitish bloom on the leaf sheath and internodes. This type of whitish bloom was prominent in one of its parental species namely P. schweinfurthii. The internodal distance was about 6.5 cm. Since the hybrid had small internodes, the leaves were found very close to each other (Fig. 9 ). The stem girth was 2.3 cm, which is intermediate to both the parents, with the value being 2.2 cm for P. schweinfurthii and 2.5 cm for P. purpureum. The nodal tillers were prominent and more in number in the hybrid.
The leaves of the hybrid were glabrous which was similar to that of the male parent (Napier). The leaf margin exhibited serrations, which were less thorny. This character was also seen in the male parent but the only difference is that in the hybrid the serrations were not that close as seen in P. purpureum.
The panicle length of the hybrid was very less (11.6 cm) compared to both the parents (Fig.  10) . The spikelets of the hybrid were similar to that of P. purpureum in appearance. However, they had protruding stigma, which were very prominent indicating its similarity with of P. schweinfurthii (Fig. 11) . The pistil was short (0.85 cm), which was less compared to that of P. purpureum. The peduncle was very short and the panicle partly remained within the boot leaf. The spikelet exhibited 4 florets of which, 3 were hermophrodites and 1 was male. As there were 3 hermophrodite florets with all the stigmas protruding the whole spike appeared to be covered with whitish stigmas. There were 3 anthers in each floret (Fig. 12 ).
Stomatal studies: Regarding the stomatal number (ϫ400), the hybrid showed 6 stomata/microscopic field for the abaxial surface and 8 stomata/microscopic field for the adaxial surface. This was similar to that of P. schweinfurthii, which showed the same number of stomata for both the abaxial and adaxial surfaces. However, the male parental species namely P. purpureum showed 7 stomata/microscopic field for abaxial and 9 stomata/microscopic field for the adaxial surface. The stomatal length of the hybrid was 0.13 mm for the abaxial surface and 0.14 mm for the adaxial surface. This was very similar to that of P. purpureum where in the stomatal length was 0.13 mm for the abaxial and 0.15 mm for the adaxial surfaces. The stomatal length of P. schweinfurthii was 0.17 mm for the abaxial surface and 0.20 mm for the adaxial surface. The stomatal width of this species was more than that of P. purpureum and the hybrid, which made the stomata clearly visible in the microscopic field.
Cytological behaviour: Somatic chromosomes of the root squash of the hybrid revealed 28 chromosomes (Fig. 8) . Best results were obtained for the root tips fixed around 10:30 to 10:45 A.M. Regarding the meiotic division, most of the pollen mother cells at diakinesis stage revealed 4 ring and 10 rod shaped bivalents i.e., considerable differences were noticed in the size of the chromosomes (Fig. 4) . At metaphase I, 14 bivalents were recorded (Fig. 5) . Anaphase I showed 14-14 equal segregation (Fig. 7) . Laggards varying from 1-5 were observed occasionally (Fig. 6 ). The second division was regular with perfect formation of tetrads. The details of the meiotic divisions are given in Table 2 .
Cumbu Napier hybrid (CO 3)
Morphology: The hybrid was perennial with a height of 310 cm at flowering. The leaf length Figs. 1-12. 1-3) Meiosis in the different species of Pennisetum. 1) P. schweinfurthii, diakinesis (7 II ) (2nϭ14). 2) P. glaucum, diakinesis (7 II ) (2nϭ14). 3) P. purpureum, diakinesis (14 II ) (2nϭ28). 4-7) Meiosis in the hybrid P. schweinfurthiiϫP. purpureum (2nϭ28). 4) Hybrid, diakinesis (14 II ). 5) Hybrid, metaphase I (rod bivalents). 6) Hybrid, anaphase I showing laggards. 7) Hybrid, anaphase I (14-14 separation). 8) Mitosis in the hybrid P. schweinfurthiiϫP. purpureum, 28 somatic chromosomes. 9) Hybrid showing tillers. 10-12) Distinguishing floral characters in the hybrid and its parents. 10) Inflorescence of the hybrid and its parents. 11) Spikelet of the hybrid and its parents, left to right P. schweinfurthii, Hybrid, P. purpureum. 12) Pistil and anther characters of the hybrid and its parents left to right P. schweinfurthii, Hybrid, P. purpureum.
was 80 cm and the leaf width was 3.5 cm. It was a leafy hybrid with about 450 leaves/clump. On an average there were 20 tillers. The leaf margin was serrated and the leaves are glabrous and dark green in colour. The internodal distance and stem girth was 5.0, 2.3 cm respectively. The earhead length was 25 cm and appeared like that of Napier. The spikelet length was 0.6 cm. Cytological behaviour: At diakinesis and metaphase I, 7 II ϩ7 I were observed regularly. Anaphase I and Telophase I showed 10-11 separation. Some laggards were recorded in both the stages. The pollen fertility of the hybrid was very low (4%).
Discussion
There was no success in getting any hybrids when P. glaucum was crossed with P. schweinfurthii. However, in the reciprocal cross of P. schweinfurthii with P. glaucum a single plant was observed to be different. It had broad leaves as that of the P. glaucum parent and ashy bloom on the stem as in the male parent P. schweinfurthii. It was very dwarf and survived in the vegetative stage for about 6 months and died without flowering. It is suggested that this could have been a hybrid between the 2 species. The long period of vegetative phase might have been due to the photosensitive character transferred from the P. schweinfurthii parent.
However, earlier studies by Hanna and Dujardin (1986) have indicated the cytomorphological relationships between these two 2nϭ14 species. They have reported that in the 23 crosses effected between P. schweinfurthii and P. americanum, they could obtain 10 true hybrids. The hybrid plants were vigorous and intermediate to the parental species in morphological characters. However, only 2 of them attained maturity. They were less photosensitive than P. schweinfurthii. In the hybrid, the chromosomes remained mainly as univalents at metaphase I but upto 2 bivalents were observed. The bivalents were found to be tightly paired in the form of rods. In one of the hybrid plants, up to 6 bivalents were observed. There was high level of male and female sterility in the hybrids. The low bivalent formation at meiosis, high seterility and distinguishing morphological characteristics indicated that these 2 species are not closely related. However, occurrence of upto 6 bivalents in some microsporocytes indicated possible residual homology between the genomes of the 2 species.
Recently, Nagesh and Subramanyam (1996) have also reported success with P. glaucumϫP. schweinfurthii crosses. The cytomorphological behaviour of the hybrid was similar to that reported earlier. Chiax and Marchais (1996) reported that when excised gynoecia of P. glaucum were pollinated with P. schweinfurthii pollen in Petri dishes, no difference in compatibility was observed. The percentage of ovaries with pollen tubes at the micropyle varied from 32 to 94%. However, Vindhya Mohindra and Minocha (1991) had earlier reported that P. schweinfurthii pollens do not reach the micropyle of pearl millet ovaries.
The interspecific hybrid P. glacumϫP. purpureum or Bajra-Napier hybrid is known for a very long time. The earliest report on this hybrid was by Burton (1944) , followed by Krishnaswamy et al. (1950) , Gildenhuys and Brix (1958, 1964) , Khan and Rahman (1963) , Pritchard (1971) , Muldoon and Pearson (1977) and Dhanapala et al. (1972) . These 2 species readily crosses and the hybrid is intermediate in morphological features to the 2 parents. 2003 Hybrid between P. schweinfurthii and Napier Grass 187 Numerous cytogenetic studies of this hybrid have been reviewed by Carnahan and Hill (1961) and Burton and Powell (1968) . The hybrid possesses 21 chromosomes and exhibit regular mitotic behaviour and in meiosis usually forms 7 bivalents and 7 univalents. However, meiotic breakdown leading to association such as 8 II ϩ5 I , 9 II ϩ3 I and 10 II ϩ1 I have been reported (Krishnaswamy and Raman 1951 , Kumar et al. 1966 , Jauhar 1968a , Minocha and Avtar Singh 1971 , Sree Rangasamy 1972 , probably because of autosyndesis between members of the B genome of P. purpureum. In some cases, less than 7 bivalents have also been reported in this hybrid (Jauhar 1968b, Khan and Rahman 1963) . Krishnaswamy and Raman (1951) established the genomic constitution of the parent species, designating the 7 chromosome genome of P. glaucum as A and a similar genome in P. purpureum as AЈ and the remaining 7 chromosomes of P. purpureum as B genome.
In the present investigation also, in the Bajra-Napier hybrid, 7 II ϩ7 I were observed at metaphase I and up to 6 laggards were observed at anaphase I. The sterility of the hybrid may also be due to meiotic irregularities including chromatin bridges and laggards, which lead to the formation of abnormal tetrads.
In the present investigation, new crosses were attempted between P. schweinfurthii and P. purpureum. When P. purpureum was used as the female parent, about 2.3% of seed set was noticed. However, all the plants that germinated from the crossed seeds turned out to be only P. purpureum. Some of the earlier studies have also indicated that in Pennisetum when the parent with higher chromosome number is used as the female parent, the percentage of success of getting true hybrids is highly limited (Hanna and Dujardin 1986) .
However, in the reciprocal cross i.e., P. schweinfurthiiϫP. purpureum a morphologically different plant from those of the parental types was obtained. There was about 1.1% of seed set in the P. schweinfurthii parent and out of the 12 plants, 1 turned out to be different. At initial stages it had a very slow growth and the internodal length was very short leading to juxtaposition of the successive leaves. It had a flattened stem with an average circumference of 2.3 cm. The plant showed perennial habit like the male parent (P. purpureum) and grew to a height of about 175 cm at maturity. Another feature that was striking was the stigmatic branches that were very prominent as in the female parent P. schweinfurthii.
Since a diploid and a tetraploid had been crossed, it was expected that the hybrid plant would be a triploid as in the case of the Bajra-Napier hybrid. However, when meiotic studies with the pollen mother cells was initiated, it was observed to possess a chromosome number of 28 with 14 bivalents. At diakinesis, there were 14 bivalents of which 10 were ring shaped and 4 were rod shaped. Only 1 bivalent was found to be associated with the nucleolus. However, in some of the pollen mother cells upto 6 ring bivalents with 8 rod bivalents were observed (Sree Rangasamy 1964) . It is pertinent to note here that in earlier studies up to 6 rod bivalents in P. purpureum were observed. However, there were differences in the size of the chromosomes. At anaphase I also mostly there was equal separation of chromosomes of 14-14 to the opposite poles. However, unequal separation and laggards in some of the cells was also noticed, leading to anaphase I with 12-11 separation in some cells.
To confirm the chromosome number, the somatic chromosome number in the hybrid was also estimated and it also indicated a 2n number of 28. The pollen sterility in the hybrid was upto 56%. The high pollen sterility is an indication of meiotic abnormalities reflected in the laggards and unequal separation. It may also be due to genetic causes coming in from the 2 parental species. The stomatal characters of the hybrid plant were similar to those of the male parent P. purpureum.
Earlier studies had clearly indicated that the haploid complement of the P. purpureum (2nϭ28) had 2 distinct genomes of 7 chromosomes each and one of these (AЈ) is partially homologous to some extent with the A genome of P. glaucum as shown by the meiotic behavior of the F 1 and its colchicine induced amphitriploid (Krishnaswamy and Raman 1949) . According to these authors, the other genome B has little affinity to the A or AЈ genomes as inferred from the behaviour of the triploid hybrid of P. glaucumϫP. purpureum, its amphitriploid or the allotetraploids obtained in the backcross of the hybrids to P. glaucum (Krishnaswamy and Raman 1951 , 1954 , 1956 .
However, in the cross P. glaucumϫP. schweinfurthii, Hanna and Dujardin (1986) have shown that even though there were mostly univalents in the hybrid, up to 6 bivalents in some of the pollen mother cells have been observed. Thus, if we consider that the genomes of these 2 diploid 2nϭ14 species are distinct (it can be considered that the genome of P. glaucum is AA and that of P. schweinfurthii is BB) still the occurrence of up to 6 bivalents in their hybrid will indicate the possibility of residual homology between the genomes of these 2 species. Nagesh and Subramanyam (1996) have also reported bivalent formation in the hybrid between P. glaucumϫP. schweinfurthii.
So far, there are no reports of successful hybrids on a field scale between P. schweinfurthiiϫP. purpureum even though Chiax and Marchias (1996) have reported success in hybridization in the reciprocal cross with excised embryos in the laboratory conditions.
Since, in the present investigation, a morphologically intermediate hybrid plant between P. schweinfurthiiϫP. purpureum with 2nϭ28 chromosomes has been obtained, it is suggested that an unreduced gamete of P. schweinfurthii with the genomic constitution of BB might have crossed with the AЈB genome of P. purpureum to give rise to the hybrid plant with 2nϭ28 chromosomes.
It is possible that 7 bivalents in the hybrid may be due to the pairing between the 2 B genomic chromosomes and the other bivalents may be due to the pairing between AЈ and B genomes as suggested by Hanna and Dujardin (1986) due to their residual homology. It is also suggested that this can be resolved only when a triploid hybrid is obtained between the above 2 species and the pairing behaviour in that triploid is studied.
Since P. glaucumϫP. schweinfurthii hybrids (with the possible genomic constitution of AB) have been reported, it is also suggested that in future studies a colchicine induced tetraploid of such a hybrid (with the possible genomic constitution of AABB) can be produced and compared with P. purpureum with AЈAЈBB genome to sort out the genomic relationships between these 3 species. Alternatively autotetraploids of P. glaucum and P. schweinfurthii can be produced and intercrossed and the hybrid compared with P. purpureum to clearly bring out their genomic inter-relationships. For the present, with the limited information as obtained from the cross P. schweinfurthiiϫP. purpureum, there is a possibility to assume that P. glaucum (AA) and P. schweinfurthii (BB) might be the putative parents of P. purpureum (AABB).
